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rich source of bioactive substances with intriguing and unique structural features. The present
paper reviews the latest progress in the chemistry and pharmacological activities of terpenoids from
Sinularia soft corals and provides a perspective on future areas of research interest.
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Sinularia comprises a group of soft corals belonging to the
phylum Cnidaria, class Alcyonaria, and family Alcyoniidae. They
are widely distributed from east Africa to the western Paciﬁc,
inhabiting the coral reefs or rocks in shallow water, but rarely
forming large aggregates. The genus Sinularia consists of almost
90 species of which more than 50 have been chemically evaluated,
including a hybrid species. Metabolites which have been reportededica, Chinese Academy of Medi
rved.
Institute of Materia Medica, Chine
.004
.ac.cn (Yue-Wei Guo).from the genus Sinularia display potential bioactivities such as
antimicrobial, anti-inﬂammatory, and cytotoxic activities, closely
related to the rich biodiversity of the marine environment. These
metabolites include sesquiterpenes, diterpenes, polyhydroxylated
steroids, and polyamine compounds. The peculiar structure and
potential medicinal value of these metabolites have drawn
increasing attention from chemists and pharmacologists.
Natural Product Reports provides annual reviews of compounds
from the ocean sources. Lakshmi and Kumar1 have reviewed the
chemical components of the soft coral genus Sinularia and
bioactivities associated with these substances while Kamel andcal Sciences and Chinese Pharmaceutical Association. Production and
se Academy of Medical Sciences and Chinese Pharmaceutical
Wen-ting Chen et al.228Slattery2 focused on the terpenoids of Sinularia and their
pharmacological signiﬁcance.
With the rapid development of separation and analysis
technology, even nanogram quantities of compounds can be
characterized through a variety of two-dimensional NMR
techniques and high-resolution mass spectrometry. Puriﬁca-
tion and identiﬁcation of new compounds is no longer the
barrier to study marine natural products, and the establish-
ment of biological activity screening models and high-through-
put screening technology supports the rapid analysis of these
newly identiﬁed chemicals for biological effects. Since 2004,
more than 100 research papers have been published on
investigations of the chemical constituents of the soft coral
genus Sinularia, the majority reporting new and novel terpe-
noids. In addition, many of the previously identiﬁed terpe-
noids were reexamined for their pharmacological activities,
and the results strongly promoted further investigations. The
purpose of this review is to focus on the terpenoid constituents
of Sinularia, highlight their novel chemistry and pharmacolo-
gical activities, and examine the future perspectives for soft
coral research.2. Sesquiterpenes
In recent years, 31 new sesquiterpenes (Fig. 1) have been
isolated from the genus Sinularia, which can be divided into
nine structural motifs.
The ﬁrst sesquiterpene reported from the genus Sinularia was a
furanosesquiterpenoid acid3. Many compounds belonging to this
group have biological activities. In the last 9 years, there were four
new sesquiterpene furans. Chemical investigations of a Formosan
soft coral Sinularia sp. resulted in the isolation of ethyl
5-[(20S,50E)-20,60-dimethylocta-50,70-dienyl]furan-3-carboxylate
(1)4. Two new furanobenzosesquiterpenoids, capillobenzopyranol
(2) and capillobenzofuranol (3), one new furanosesquiterpenoid,
capillofuranocarboxylate (4), were identiﬁed in S. capillosa5.
Further biological assays revealed that compound 2 signiﬁcantly
inhibited (36.7710.0%) iNOS protein expression induced by LPS
stimulation at a concentration of 10 mM and exhibited weak
cytotoxicity against P-388 (mouse lymphocytic leukemia) with
ED50 value of 12.7 mM. Compound 3 exhibited antiviral activity
with IC50 value of 13.5 mM. In 2009, the known furanosesqui-
terpene, methyl 5-[(1E,5E)-2,6-dimethylocta-1,5,7-trienyl] furan-3-
carboxylate (5) was found to mediate apoptosis through a
mitochondria-dependent pathway, suggesting that this compound
might have therapeutic value against human cancer cell lines and
especially leukemia cells6.
Peroxygibberol (6), having a guaiene struture and gibber-
odione (7), sinugibberodiol (8), having rearranged guaiene
structure, were reported from a Formosan soft coral,
S. gibberosa7. Metabolite 6 was found to exhibit moderate
cytotoxicity toward a human liver carcinoma cell line, with an
ED50 value of 8.2 mg/mL. Two new sesquiterpenes with the
same core structure, 1Sn, 4Rn, 5Sn, 6Rn, 7Sn, 10Sn-1(5), 6(7)-
diepoxy-4-guaiol (9) and 1Sn, 4Sn, 5Sn, 10Rn-4,10-guaianediol
(10) have been isolated from the ethyl acetate-soluble portion
of the Hainan soft coral Sinularia sp. Both compounds showed
signiﬁcant cytotoxic activities against B16 (mouse melanoma)
and HT-29 (human colon carcinoma) cells with IC50 values
of 1.2 and 3.5 mg/mL (9) as well as 2.2 and 5.7 mg/mL (10),
respectively8. A specimen of S. polydactyla (Ehreberg) fromHainan contained a novel sesquiterpenoid with a guaiene
structure, polydactin A (11), which was reported to possess
moderate cytotoxic activities against human oral epidermoid
carcinoma cell lines (KB) and human breast carcinoma (MCF)
tumor cell lines in vitro, with IC50 values of 13.0 and 14.0 mg/mL
9.
Four related sesquiterpenes (12–15) were subsequently reported
from S. leptoclados10.
Compounds 16–19 are norsesquiterpenes belonging to the
caryophyllene structural group, which were isolated from
three Sinularia species. Compound 16 was isolated from
Hainan soft coral Sinularia sp11. Compounds 17–18, nano-
norcaryophyllenes A and B, were obtained from S. nanolo-
bata12. Compound 19 was found from S. gibberosa13. Among
them, compound 18 showed weak cytotoxic activities against
DLD-1 and Hepa59T/VGH (ED50 values of 16.9 and 18.5 mg/mL,
respectively).
Polydactin B (20) is a new eudesmane-type sesquiterpenoid
isolated from S. polydactyla (Ehreberg)9. The other opposi-
tane-type sesquiterpenoids leptocladolins A and B (21,22) were
obtained from a Formosan soft coral S. leptoclados14.
Four novel cyclic peroxide-containing sesquiterpenes (23–26),
with a g-alkylidene-a-methyl-a,b-unsaturated g-lactone moiety,
were isolated from a Formosan soft coral of the genus Sinularia
in 200515. A new sesquiterpenoid, sinularioperoxide E (27) was
reported from another Formosan soft coral Sinularia sp4.
Sheu’s group16 reported two novel sesquiterpenoids, sinular-
ianins A and B (28,29), which were isolated from the Formosan
coral Sinularia sp. The core structure of sinularianin A (28),
namely sinulariolane, was not previously known. Sinularianin B
(29), with a novel spirobutenolide moiety, possesses a vater-
enane structure, which had been reported previously from
plants. In 2009, the same group discovered a new structure,
norhumulene (30)17. Lastly, a new terpenoid, capillosanol (31)18
possessing unprecedented terpenoid structure was isolated from
the soft coral S. capillosa, pushing the number of the structural
types to nine.3. Diterpenes
3.1. Cembranoid diterpenes
Cembrenes are the most frequent secondary metabolites isolated
from various Sinularia species. Cyclization of a geranylger-
aniol-derived precursor between carbon 1 and 14 generates a
14-membered diterpenoid, named cembrane or thumbergane.
These structures are characterized by an isopropyl- and three
methyl-substituted 14-membered rings, with structural changes
in the position of double bonds, epoxidation, allylic and
isopropyl oxidation, and carbon cyclization. The following
discussion is divided into ﬁve categories according to these
structural characteristics.
3.1.1. The isopropyl(ene)-type cembranoid diterpenes
The alteration in the structure of these diterpenes lies in the
migration or increase of double bonds and a high degree of
oxidation and hydroxylation (Fig. 2). Five new cembranoids,
grandilobatins A–E (32–36), were isolated from the soft coral
S. grandilobata19. Grandilobatin C (34) was found to have a
novel structure with the C-4 methyl group of the normal
cembranoid rearranged to C-3, while metabolite 35 had weak
cytotoxicity toward MDA-MB-231 human breast tumor cells.
Figure 1 Compounds 1–31, sesquiterpenes from Sinularia sp.
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the pro-inﬂammatory iNOS protein of LPS-stimulated
RAW264.7 macrophage cells. Chemical investigation of a
Formosan soft coral, S. gibberosa, led to the isolation of
gibberosenes A–G (37–43)20. Guo’s group21 found a new
cembrane-based diterpene, diepoxycembrene A (44), from
the Hainan soft coral Sinularia sp. Another soft coral,
S. ﬂexibilis from Hainan, produced sinulaﬂexiolide I (45)22.
Several isopropyl(ene)-type cembranoid derivatives were later
reported including triangulenes A (46) and B (47) from
S. triangular23, crassarines A–H (48–55) from S. rassa24 and two
hydroxycembranes (56,57) from S. facile25. At a concentration of
10 mM, compound 55 was found to signiﬁcantly reduce the level
of iNOS protein (35.8710.7%) and compound 53 could reduce
COX-2 expression (65.676.2%) following LPS treatment.
Chemical examination of a Chinese soft coral Sinularia
rigida resulted in the isolation and characterization of 19 new
cembrane-type diterpenoids, designated as sinulariols A–S(58–76)26. Their anti-fouling activity was evaluated, and
the data indicated that compound 68 signiﬁcantly inhibited
the larval settlement of B. amphitrite, while compound
74 showed moderate inhibition against the adhesion of B.
neritina.
3.1.2. g-Lactone-type cembranoid diterpenes
g-Lactone-type cembranoid diterpenes play a crucial role in the
soft coral Sinularia, many of which showed cytotoxicity and
antitumor activity. In addition, the 5-lactone ring is the funda-
mental active center (Fig. 3). Sinularolides A–E (77–81)27, bearing
the a-metliylene-g-lactone moiety, were isolated from the soft
coral S. gibberosa. The bioassay results showed that compounds
78–81 possessed moderate cytotoxicity toward the tumor cell lines
HL-60, Bel-7402, and Hela. Diterpenes (þ)-polydactylide (82)
and (þ)-7a, 8b-dihydroxydeepoxysarcophine (83) were isolated
from S. polydactyla28. Danielid (84) was isolated from the soft
coral S. asterolobata29. Chemical investigation of the hybrid soft
Figure 2 Compounds 32–76, the isopropyl(ene) type cembranoid diterpenes from Sinularia sp.
Figure 3 Compounds 77–90, g- and d-lactone type cembranoid diterpenes from Sinularia sp.
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diterpenes (85–88)30. Compound 88 shows strong cytotoxicity on
the breast cancer SK-BR3 cell line and cervix cancer HeLa and
HeLa-Apl cell lines with GI50 values of 0.039, 0.48, and 0.56 mM,
respectively. A novel isocembranoid, sinulochmodin B (89), was
isolated from the soft coral S. lochmodes31.
3.1.3. d-Lactone-type cembranoid diterpenes
There is only one compound in this class: ﬂexilarin A (90)32. It
was isolated from S. ﬂexibilis (Quoy and Gaimard), collected
from the southern coast of Taiwan. The structure of ﬂexilarin
A was conﬁrmed by X-ray crystallographic analysis (Fig. 3).
3.1.4. e-Lactone-type cembranoid diterpenes
e-Lactone-type cembranoid diterpenes often possess anti-cancer
activities, especially the compounds with a, b-exocyclic double
bond. A large number of these diterpenes were reported from S.
ﬂexibilis (Fig. 4).
Chemical examination of the soft coral S. ﬂexibilis resulted in
the isolation and characterization of sinulaﬂexiolides B–H (91–
97), J (98), K (99)22 and sinuladiterpenes A–F (100–105)33.
Among them, sinulaﬂexiolides D (93) and E (94) showed
selective inhibitory activities against the gastric gland carcinoma
cell line BGC-823 at 8.5 and 0.12 mM, respectively, while
compound 103 exhibited signiﬁcant in vitro cytotoxic activity
against the human colon adenocarcinoma (WiDr) cell line with
an ED50 value of 8.37 mg/mL. Flexilarins B–J (106–114) were
isolated from S. ﬂexibilis (Quoy and Gaimard)32. Compound
108 exhibited potent cytotoxicity against HepG2 tumor cells
with an ED50 value of 0.07 mg/mL, and showed moderate
cytotoxic activity against HeLa, Daoy, and MCF-7 cell lines.
Sinuladiterpenes G–I (115–117) were isolated from the Taiwa-
nese soft coral S. ﬂexibilis34. Flexibilisolides C–G (118–122) and
ﬂexibilisin C (123) were isolated from the Dongsha Atoll soft
coral S. ﬂexibilis35. Compound 118 was shown to exhibit
moderate cytotoxic activity against HeLa and B16 cancer cell
lines. Moreover, compounds 118 and 119 could signiﬁcantly
inhibit the accumulation of the pro-inﬂammatory iNOS protein
and 118 could reduce the accumulation of COX-2 protein in
LPS-stimulated RAW264.7 macrophage cells.The difference
between cultured and wild-type soft coral S. ﬂexibilis has been
studied. Flexibilisolide A (124) and ﬂexibilisin A (125) were
found in the cultured soft coral S. ﬂexibilis, while Flexibilisolide
B (126) and ﬂexibilisin B (127), were found in the wild-type36.
Chromatographic investigation of S. querciformis and S. granosa
afforded six new cembrane diterpenes, querciformolides A–D (128–
131) and granosolides A–B (132,133)37. Compound 130 signiﬁ-
cantly inhibited the accumulation of the pro-inﬂammatory iNOS
and COX-2 proteins in LPS-stimulated RAW264.7 macrophage
cells. Later, the same group found granosolides C (134) and D
(135) and querciformolide E (136) from the same species38.
Other cembrane diterpenes which contain an intriguing
seven-membered lactone moiety were discrepanolide A (137)
from the Formosan soft coral S. discrepans39 and sinulapar-
valides A–B (138,139) from the Hainan soft coral S. parva40.
3.1.5. Casbane-type cembranoid diterpenes
Casbane-type cembranoid diterpenes are strictly related to the
cembrane structure and differ from this in the presence of a
dimethyl-cyclopropyl moiety rather than the isopropyl residue
fused to the 14-membered ring. Casbane diterpenes are extremely
rare in nature, basically from some species of plants (Fig. 5).The soft coral S. microclavata collected from the bay of Sanya,
Hainan Island, China, yielded a new casbane-type cembranoid
diterpene, microclavatin (140)41. Microclavatin (140) showed
cytotoxic activities against tumor cell lines KB and MCF with
IC50 values of 5.0 and 20.0 mg/mL, respectively.
A series of nine casbane diterpenes, compounds 141–149,
exhibiting either cis or trans ring junctions were isolated from
the Hainan soft coral S. depressa42. 10-Hydroxydepressin
(142) showed cytotoxic activity against tumor cell lines HepG2
and SW-1990 with IC50 values of 61 and 37 mM, respectively,
as well as antimicrobial activity against S. aureus and E. coli at
17 mM.
3.1.6. Bicembranoid diterpenes
These are rare cembranoid diterpenes. They are connected by
the two cembranoid diterpenes (Fig. 5). Sinulochmodin A
(150) was a C,C-linked dimeric norcembranoid, reported from
the soft coral S. lochmodes31. Sinulaﬂexiolide K (151) was a C-
30 epimer of sinuﬂexlin43, a biscembranoid formerly isolated
from Taiwan S. ﬂexibilis, and it was reported from the
Chinese soft coral S. ﬂexibilis22. Another investigation on
the Taiwanese soft coral S. ﬂexibilis reported the structurally
unique symmetric sulfur-containing biscembranoid, namely,
thioﬂexibilolide A (152)44. The bioassay showed that it
exhibited signiﬁcant neuroprotective activity at 0.01 mM.
3.2. Norcembranoid diterpenes
Norcembranoids are those that lack a C18 carbon substituent
in comparison with C20-cembranoids (Fig. 6).
In a study of S. lochmodes, Sheu et al.31 isolated the polycyclic
norcembranoid sinulochmodin C (153), featuring an unusual
5-ring ether bridge linking two of the carbocyclic rings. It is
similar to the better-known C20-cembranoid diterpenes rames-
waralide. A novel xeniapgyllane-type norditerpenoid, nanoloba-
tin C (154)12, was obtained from the n-hexane extract of the
Taiwanese soft coral S. nanolobata. Two other xeniapgyllane-
derived norditerpenoids, Gibberosin O (155) and Gibberosin P
(156) were obtained from Formosan soft coral S. gibberosa17.
Compound 156 exhibited weak cytotoxicity toward HepG2 and
A549 (human lung carcinoma) cell lines with IC50 values of 18.7
and 19.5 mg/mL, respectively.
The most common norcembranoid diterpenes are the 14-
membered macrocyclic 3(2H)-furanone-based norcembranoids.
Scabrolides E–G (157–159)45 were isolated from Taiwanese soft
coral S. scabra. Scabrolide E was found to exhibit signiﬁcant
cytotoxicity against the growth of Hepa59T/VGH and KB cell
lines. Two new C-4 norcembranoids sinulochmodins D (160) and
E (161) have been isolated from the organic extract of the
Taiwanese soft coral S. lochmodes (Kolonko)46. Six new norcem-
branolides, gyrosanolides A–F (162–167) and a new norcem-
brane, gyrosanin A (168), were isolated from S. gyrosa47.
Compounds 162–164 and 168 at a concentration of 10 mM
signiﬁcantly reduced the level of iNOS protein (55.2714.6%,
18.676.7%, 10.674.6%, 66.975.2%, 10.275.1%, 17.477.2%,
47.2711.9%, and 56.375.1%, respectively) following LPS
stimulation. Chemical analysis of the Indonesian soft coral
Sinularia sp. (order Alcyonacea, family Alcyoniidae) afforded
three new C-4 norcembranoids, named chloroscabrolides A (169)
and B (170) and prescabrolide (171)48. Chloroscabrolide A (169)
is a pentacyclic norcembranoid including an unprecedented
Figure 4 Compounds 91–139, e-lactone-type cembranoid diterpenes from Sinularia sp.
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the second chlorinated cembranoid derivative to be reported in
the literature. Sinularectin (172)49 was isolated from the Kenyan
soft coral S. erecta. Sinularectin is a chlorinated, highly oxyge-
nated norcembrane with an unprecedented functionalization of
the cembrane isopropyl group.3.3. Non-cembranoid diterpenes (Figs. 7 and 8)
The new tetracyclic diterpenoid confertdiate (173) has been
isolated from the soft coral S. conferta, collected from SanyaBay, Hainan Island, China50. Nanolobatolide (174), posses-
sing a novel C18 molecular structure, was isolated from the
Formosan soft coral S. nanolobata51. The hypothetical bio-
synthetic precursor was a guaiane-type sesquiterpene, reacting
with acrylic acid to afford nanolobatolide by Diels–Alder
reaction, epoxidation and lactonization. It signiﬁcantly
reduced iNOS expression to 45.5711.4%, and the cytotoxicity
of 6-OHDA on SH-SY5Y cells was signiﬁcantly decreased at
various concentrations. The relative neuroprotective activities
of 174 at 0.01, 0.1, 1, and 10 mM were 41.479.7%,
66.8714.0%, 72.0710.1%, and 83.377.1%, respectively.
Chemical investigation of the soft coral S. gyrosa led to the
Figure 5 Compounds 140–152, casbane-type cembranoid diterpenes and bicembranoid diterpenes from Sinularia sp. nconﬁguration
tentatively assigned.
Figure 6 Compounds 153–172, norcembranoid diterpenes from Sinularia sp.
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designated as gyrosanols A–C (175–177)52. Compounds 175
and 176 exhibited antiviral activities against HCMV with IC50
values of 2.6 and 3.7 mM, respectively, and showed signiﬁcant
anti-inﬂammatory activities by reducing the levels of the
COX-2 protein (19.673.9% and 29.179.6%, respectively) inRAW264.7 macrophages. 11,12-secoﬂexibillin (178) was iso-
lated from the Dongsha Atoll soft coral S. ﬂexibilis35.
One new tetraprenylbenzoquinone, capilloquinone (179),
was isolated from S. capillosa5. Later, Capilloquinol (180),
possessing an unprecedented farnesyl quinoid structure, was
isolated from the same species53. Capilloquinol displayed
Figure 7 Compounds 173–189, non-cembranoid diterpenes from Sinularia sp.
Figure 8 Compounds 190–213, non-cembranoid diterpenes from Sinularia sp.
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Sinutriangulin A (181), possessing a new carbon skeleton that
is derived from the cubitane skeleton, was isolated from the soft
coral S. triangula54. In addition, compound 181 was found to
show weak cytotoxicity toward the growth of CCRF-CEM
(human T-cell acute lymphoblastic leukemia) and DLD-1 (colon
adenocarcinoma) tumor cells (the ED50 values were 10.1 and
15.2 mg/mL for CCRF-CEM and DLD-1, respectively).
The amphilectane-type diterpenoids, sinulodurin A (182) and
sinulodurin B (183) were isolated from the Palau soft coral
S. dura55. Sinulodurins A (182) and B (183) showed antiproli-
ferative activities against highly malignant þSA mammary
epithelial cells with an IC50 range of 20–30 mM. They also
displayed anti-invasive activity against human highly metastatic
prostate cancer PC-3M-CTþ cells in the spheroid disaggregation
assay.
The effects of natural hybridization on secondary metabolite
production and diversiﬁcation have only recently been studied in
plants and have been essentially overlooked in marine organisms.
Chemical investigation of the hybrid soft coral S. maximaS.
Polydactyla resulted in the isolation of a novel terpenoid,
polymaxenolide (184), possessing a cembrane-africanane skele-
ton56. Later, ﬁve new terpenoids with the same structure, 7E-
polymaxenolide (185), 7E-5-epipolymaxenolide (186), and poly-
maxenolides A-C (187–189)57, were found from the same hybrid
soft coral.
Two b-caryophyllene-derived diterpenoids nanolobatins A
(190) and B (191) were isolated from the n-hexane extract of the
Taiwanese soft coral S. nanolobata12. Nanolobatins A (190) and B
(191) exhibited moderate cytotoxicities against KB and Hepa59T/
VGH cell lines (ED50 values of 7.3 and 7.6 mg/mL against the
growth of KB cells and 4.5 and 8.3 mg/mL against the growth of
Hepa59T/VGH cells, respectively). New terpenoids with the same
skeleton, gibberosins A–F (192–197) were isolated from EtOAc
extracts of the Formosan soft coral S. gibberosa13. Compound 193
had weak cytotoxicity towards HepG2, A549, and MDA-MB-231
cell lines with IC50 values of 18.7, 18.5, and 15.2 mg/mL,
respectively. Also, metabolite 196 had weak cytotoxicity (IC50
16.3 mg/mL) towards MDA-MB-231. Later, gibberosins G–M
(198–204)58, gibberosins Q–S (205–207)17 and Sinugibberosides
A–F (208–213)59, were isolated from the same species by the same
group. Sinugibberosides A–F were the ﬁrst example of marine
terpenoids possessing a cyclic peroxyhemiketal moiety. Gibberosin
Q (205) showed weak cytotoxicity (IC50 11.0 mg/mL) toward A549
cells. Gibberosins K (202) and L (203) exhibited moderate activity
against A549, HepG2, and MDA-MB-231 cell lines with IC50
values of 7.1, 12.4, and 5.5 mg/mL, as well as IC50 values of 11.3,
14.5, and 7.7 mg/mL, respectively (Fig. 8).
Marine natural products chemistry, and in particular,
Alcyonaria chemistry has had a major impact on drug
discovery and development over the past 30 years. An
increasing number of compounds have been reported. There
have been 275 new compounds isolated from all soft corals in
the seven years from 1996 to 2002, involving 20 genera. In the
next seven years from 2004 to 2011, 213 diterpenes were found
from species of Sinularia, conﬁrming that marine natural
products chemistry is robust.
Moreover, these secondary metabolites provide not only a
rich variety of novel core structures and modiﬁcations, but
also impressive biological and pharmacological properties.
Cembranoid diterpenes isolated from Sinularia soft corals
are well known to exhibit cytotoxic and antitumor properties,especially the lactone-type diterpenoids, while a minority of
compounds showed anti-inﬂammatory, anti-proliferative, and
anti-allergic activities. It can be expected that extensive
structure–activity relationship studies on these diterpenes will
provide a direction for innovative medicinal lead compounds
and that further studies investigating the differential activity of
these metabolites as well as their mechanism of action will be
extremely valuable.
Taking full advantage of the resources of Sinularia soft
corals will accelerate the isolation and structural identiﬁcation
of new drug candidates, as well as the technology for
collection of biological samples in extreme environments.
The conversion of natural products into medicinal lead
compounds requires the cooperation of several groups and
technologies: collaboration with biologists for the screening of
new compounds for leads and the production of promising
compounds in corals; collaboration with organic chemists in
the synthesis, including total synthesis, semi-synthesis, and
structure–activity studies on active target compounds. With
the advancement and application of these technologies, marine
natural products will continue to inspire the chemistry of the
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